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  The weaver ant Oecophylla smaragdina is a key predator in the fruit plantations in Borneo island. We 
had field research to examine the effects of O. smaragdina on insect and arthropod communities on 
durian and citrus plantations in Tarakan island of Borneo. In the studied sites (A, B, and C), ants, insects 
and spiders on trees were collected by branch beating and counting. One of the dominant ants is O. 
smaragdina in each site. Null model analysis explained that mosaic structure was only constructed in 
site A. NMDS analyses showed the groups of herbivores could be classified, depending sites and fruit 
species. The average number of O. smaragdina workers in tree had negative correlation with those of 
four herbivorous insect, weevil, leaf-miner fly, other bugs and psyllid, also two of spider, hunting and 
orb weaver group on durian trees. In citrus trees, there was no negative correlation among dominant 
ants and spiders. Average number of O. smaragdina was negatively correlated with species Hypomeces 
squamosus, Planococcus citri, Liriomyza sp. 1, and Allocaridara malayensis. From four pest, only 
species P. citri was not significantly smaller in the trees with O. smaragdina nests. In addition, there 
are no negative correlated among O. smaragdina and species of spider. Furthermore, average number 
of Liromyza sp.1 and Citripestis sagittiferella tended to be smaller in larger territories of O. smaragdina 
colonies. The average of the two insects was also negatively correlated with the number of trees and 
nests in territories. Our study suggested that O. smaragdina decreased the densities of any herbivorous 
insects as pests for durian fruits and the larger territories with more trees and nests are further effective 
for excluding the two pest insects. In addition, there was not so strong effect on spider communities. 
  
 1. Introduction 
  From Southeast Asia to Northeast Australia, weaver ant Oecophylla smaragdina is a keystone predator 
species, most abundant and widely distributed. Therefore, Oecophylla species have been recognized as 
key animal for biological control in agroforestry systems. The effects of O. smaragdina on other insects 
and arthropods were different among the environmental conditions including biotic and abiotic factors. 
Above mentioned, the community structures of arboreal ants including O. smaragdina also are strongly 
dependent on the conditions of the plantation habitats.  Namely they will lead the construction of 
specific communities of ants, insects, and arthropods with the mutual interactions in the plantations. 
  In the present study, we observed the effects of weaver ant O. smaragdina on insect and arthropod 
communities in the plantations of major crop fruits in Borneo island: durian and citrus fruits. The durian 
Durio zibethinus and citrus Citrus amblycarpa fruits are traditionally grown in the plantations of 
Kalimantan or Borneo island. However, little is known about the communities of ants and arboreal 
insects in the plantations of the two fruits, especially durian. In these plantations, O. smaragdina lives 
on the tress and nests on the canopies in Borneo island, though the functions and interactions with other 
insects and arthropods are unclear yet. In this time, the following points were examined by field 
research in the plantations of durian and citrus in Borneo island: (1) species composition and 
community structures of arboreal ants, particularly the spatial distribution and the invasion of non-
native species, (2) relationships among dominant ants and arboreal insect communities, and (3) the 
effects of O. smaragdina on herbivorous insects, especially pests of each fruit.  
2. Materials and Methods 
  In the present study, we had field research to examine the effects of O. smaragdina on insect and 
arthropod communities in the plantations of two fruit species, durian and citrus in Tarakan island of 
Borneo. In the plantations of three studied sites (A, B, and C), ants, insects and other arthropods on 
fruits trees were collected by branch beating sampling and the densities were investigated by counting 
of the individual number.   
3. Result and Discussion 
3.1 Ant community structures in the plantations of durian and citrus 
  From March to September 2016 and March in 2017, total 64360 ant workers comprised of 22 species 
were collected from 59 durian and 63 citrus trees at all sites. In site A, the non-native species 
Tapinoma melanocephalum and the native species Oecophylla smaragdina were dominant. A 
null model analysis of species co-occurrence revealed that species segregation existed in this 
site. Conversely, in sites B and C the non-native species T. melanocephalum and 
Technomyrmex albipes were dominant, and arboreal ants almost co-occurred with the two 
species. Moreover, the number of T. melanocephalum and T. albipes workers was negatively 
correlated with the species diversity index of arboreal ants. However, the number of O. 
smaragdina workers showed no significant correlation. The results suggest that the invasion 
 and domination of non-native species disassemble spatial structures and reduce the species 
diversity in arboreal ant communities. 
3.2 Relationships and effects O. smaragdina on herbivorous insects and spiders 
  In herbivorous insects, 55649 individuals comprised of 61 species from 60 genera, 32 families and 5 
orders were collected at three sites. In addition, 5533 individuals of Arachnids comprised of 84 species 
from 42 genera, 12 families were also collected. The species composition of herbivorous insects was 
different among sites and fruit species. NMDS analyses showed the groups of herbivores could be 
classified, depending on the two factors. Furthermore, the collected number of seven ant species was 
significantly correlated with the classification based on NMDS. The species composition of insects in 
site A was characterized by T. melanocephalum, C. sewardi, and A. gracilipes, whereas that in site C 
was characterized by T. albipes and O. smaragdina.  
 As a result of the correlative analyses, the average number of O. smaragdina workers in tree had 
negative correlation with those of four insect groups, weevil, leaf-miner fly, other bugs and psyllid on 
durian trees in site A and C. In citrus trees, there was no negative correlation among dominant ants and 
insect groups. Average number of O. smaragdina was negatively correlated with those of four pest 
species, Hypomeces squamosus, Planococcus citri, Liriomyza sp. 1., and Allocaridara malayensis. In 
three species H. squamosus, P. citri, and A. malayanensis, the average number was significantly smaller 
in the trees with O. smaragdina nests. Furthermore, in site A where the eight territories of O. 
smaragdina colonies was confirmed, average number of Liromyza sp.1 and fruit border moth, 
Citripestis sagittiferella tended to be smaller in larger territories. The average of the two insects was 
also negatively correlated with the number of trees and nests in territories. Our study suggested that O. 
smaragdina decreased the densities of any herbivorous insects as pests for durian fruits and the larger 
territories with more trees and nests are further effective for excluding the two pest insects. 
 
4. Conclusion 
  Our research revealed that the community structures of arboreal ants in fruit plantations consist of 
native and non-native species. Native ant, O. smaragdina having the territories patchily distributed on 
crop trees, had negative effects on five herbivorous insects on only durian trees. Three species of them, 
green weevil H. squamosus, Mealybug P. citri, and Durian psyllid A. malayensis were major pest 
species for durian fruits in southeast Asia. Other two species, leaf-miner fly Liromyza sp.1 and citrus 
fruit border, C. sagittiferella were also major pests for citrus and other fruits. They suggest that O. 
smaragdina has a potential as key species of pest control in durian and other fruits. However, to ensure 
the availability of O. smaragdina for pest control, we should have more field experiments and research 
to test whether this ant control of outbreak pests or whether the productivity of crops is higher. They 
might lead to the efficient management of the durian plantation. 
 
















































Fig. 4 Relationship between average number of workers in dominant species and the species 
diversity of arboreal ants in tree. 
 
 
Fig. 1 Biplot for the data of frequency and species 
composition of ants collected in 122 trees of three sites. (a) 
First and second principal components of ordinations of the 
trees. The circle, rhombus and triangle symbols represent site 
A, B, and C respectively.  Black and white symbols mean 
durian and citrus trees. (b) The ordinations of the ant species. 
The names were shown in dominant and subdominant species 
of which the collection frequency was more than 1.0%. 
 
Fig. 2 The observed C-score index (broken lines) and the 
frequency distributions of C-scores expected using null 
models in three studied sites. 
Fig. 3 Spatial distribution of trees occupied by 














Average number of workers of dominant species 
Obs= 70.5  
Mean null= 69.1 
SES= 2.82  
P <0.001 
 
Obs= 10.4  
Mean null= 10.2 
SES= 1.23  
P = 0.11 
 
Obs= 15.8  
Mean null= 15.7 
SES= 0.24  
P = 0.27 
 



















































Site A_Durian Site A_Citrus 
Site B_Citrus 
Site C_Durian Site C_Citrus 
Fig. 5 Rate of insect group in arboreal insect 





















































































































































































































































(a) Ants (b) Herbivorous insects 
Fig. 7 Hierarchical clustering of species composition 
in arboreal (a) ants and (b) herbivorous insects. In the 
clustering, Ward’s methods and Euclidean distance 
were used. The number colored with red, blue, and 
green mean tree No in site A, B, and C respectively. 
Black and white circles mean durian and citrus tree. 
 
Fig. 8 Biplots of species composition in arboreal insects 
and ants by NMDS. The symbols circle, rhombus and 
triangle, mean site A, B, and C respectively.  Black and 
white symbols mean durian and citrus trees. The 
ordination of ant species which had significant 




























Fig. 15 Biplots of species composition in arboreal insects at the three sites by PCA.  (a) First and second principal components of 
ordinations of the trees. The circle, rhombus and triangle symbols represent site A, B, and C respectively.  Black and white symbols 
mean durian and citrus trees. (b) The ordinations of the arboreal insect species. The names were shown in dominant and subdominant 


















First principal component (7.4%)  
(a) (b) 
Fig. 6 B pl ts of species composition in arboreal insects at the 
three sites by PCA.  (a) First and second principal components 
of ordinations of the tre s. The circle, rhombus and triangle 
symbols represent site A, B, and C respectively.  Black and 
white symbols mean durian and citrus trees. (b) The 
ordinations of the arboreal insect species. The names were 
shown in dominant and subdominant species of which the 



















































Table 4. Correlations among the densities of dominant ants and insect groups on two fruit species in three sites. R-values in spearman correlation 




Site A Site B Site C 
OS TP OS TP OS TA 
Durian Citrus Durian Citrus Citrus Citrus Durian Citrus Durian Citrus 
Leaf beetle - 0.04 - 0.03 0.04 0.09 0.24 0.06 0.01 0.68 
Weevil -0.12* 0.04 - 0.05 0.14 - 0.08 - 0.06 - 
Fruit fly - 0.05 0.1* 0.06 0.01 0.02 0.12 0.05 0.33 0.14 
Leaf-miner fly -0.1* - 0.01 - 0.03 0.47*** 0.08 0.05 0.1 0.17 
Moth and Butterfly 0.04 0.05 0.07 0.04 0.01 0.17 0.10 0.02 0.17 0.03 
Mealybug 0.05 0.07 0.01 0.33** 0.01 0.06 0.02 0.02 0.04 0.62** 
Aphid 0.01 0.04 0.05 0.02 0.04 0.28** 0.04 0.03 0.21 0.57** 
Psyllid - 0.17 - 0.03 - - -0.46** 0.21 0.51** 0.25* 
Leafhopper - 0.03 0.02 - 0.01 0.02 0.15 0.03 0.14 0.16 
Other bugs -0.09* 0.02 0.03 0.02 - - 0.09 - 0.01 0.03 
Thrip 0.03 0.01 - 0.02 0.05 0.01 0.01 0.07 0.04 0.02 
*: P<0.05, **: P<0.005, ***: P<0.001 
 
Table 5.  Correlations among the densities of dominant ants and spider groups and dominant species on two fruit species. R-values in spearman 
correlation were shown. All spider species were classified with two groups, hunter and web weaver, due to the foraging traits. Moreover, the correlation 
with seven dominant species were analyzed. OS, TP, and TA mean O. smaragdina, T. melanocephalum, and T. albipes respectively. 
Groups 
Site A Site B Site C 
OS TP OS TP OS TA 
Durian Citrus Durian Citrus Citrus Citrus Durian Citrus Durian Citrus 
All species -0.37* 0.05 0.26 0.04 0.18 0.04 0.22 0.46 0.17 0.05 
Hunter -0.32* 0.05 0.13 0.1 0.18 0.1 0.29 0.36 0.02 0.73*** 
Web weaver -0.31* 0.12 0.35* 0.03 0.07 0.03 0.06 0.44 0.42 0.17 
Dominant species           
 Clubiona sp.1 0.25 0.03 0.33* 0.22 0.18 0.22 0.14 0.02 - 0.49 
 Neon sp. 1 0.28 0.02 0.06 0.16 0.1 0.16 0.66** 0.15 0.19 - 
 Neon sp. 2 - - 0.22 0.04 0.06 0.04 0.23 0.37 0.19 0.25 
 Thomisidae sp. 1 0.25 0.04 0.39** 0.01 0.2 0.01 0.15 0.03 0.05 0.17 
 Araneus sp. 2 0.2 0.1 0.19 0.03 0.22 0.03 0.03 0.2 0.26 0.02 
 Araneus sp. 6 0.18 0.22 0.45** 0.07 0.2 0.07 0.19 0.31 0.68** 0.45 
 Cyrtarachne sp. 1 0.03 0.06 0.05 0.19 0.26 0.06 0.49 0.06 0.13 0.23 
*: P<0.05, **: P<0.01, ***: P<0.005 




















Fig. 9. Correlation between average 
number of O. smaragdina workers 
and four pest insects, H. squamosus, 
P. citri, Liriomyza sp. 1, and A. 









































Fig. 10 Comparison of average number of three pest insects among trees with and no O. 




















Fig. 11 Spatial distribution of O. smaragdina territory in site A. 
Large and small circles mean durian trees with and no O. 
smaragdina workers. Triangle symbol means citrus fruit tree. 
Moreover, dot-line shows the range of each O. smaragdina 
territory. 
Fig. 12 Average number of O. smaragdina and two pest 
insects collected in durian trees of the eight territories. 
Average of collected number (/branch/tree/collection time) 
was compared by using two-way ANOVA. Bar means 
standard error. Asterisk (*) means significant difference of 
average among territories (P<0.05, Tukey-Kremer test).  
 

